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(57) Abstract 

CaO is legeneiated and lecycled from a bed ash stcieani of a fluidized bed combustion bciler (10), in particular a petroleum coke fired 
fluidized bed combustion bdkr. in which the particle size of fly ash, which contains CaO and CaCOs, is increased by agglomeration or 
pelletization, and then letunwd to the boilBr. Bed a^, containing CaS04, is passed to a regeneration zone (12), heated to a temperature of 
from about 1,000 °C to about 1.150 °C, to provide a solid phase containing CaO and a gas phase containing SO2. The solid CaO is then 
recycled to the fluidized bed combustion boiler. Such recycling and regeneration schemes enable a large number of recycles of CaO and 
CaCOs to be carried out without loss of sulfur absorption o^ity of the CaO and CaCOs- 
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RECYCLING PROCESSES USING FLY ASH 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to the removal of sulfur from the waste 
5 stream from a petroleum product fired fluidized bed boiler, and more particularly, 
to the recirculation of fly ash from a petroleum coke- or coal-fired fluidized bed 
boiler to serve as a sulfur sorbent, and the concomitant recovery of the metallic 
impurities present in coke. 

BACKfiKO^fffP OF THE INVENTION 

10 Power and/or steam generation plants, fired by fossil fuels such as coal or 
petroleum coke, often employ fluidized beds as the means for combusting the 
fossil fuel and as the means for converting the energy from the fossil fuel into 
electric power. Fossil fuels such as coal and petroleum coke contain sulfur which 
during combustion, is converted to sulfur dioxide, or SO;. To limit sulfur 

15 emissions to acceptable levels as required by environmental regulatory agencies, 
limestone and/or dolomite is injected into the combustion zone of the boiler. 
CaCOj, the major constituent of limestone and dolomite, is converted to CaO and 
COj, when exposed to the combustion zone temperature of the boiler. CaO reacts 
with SOj to form calcium sulfite or gypsum, or CaS04. To insure that sulfiir 

20 emission is reduced to the required levels, it is typical to use an excess amount of 
CaO so that the resultant ash will contain CaS04 and unreacted CaO. 

In circulating fluidized bed combustion boilers, two ash streams, known as bed ash 
and fly ash, are generated. Montagna, et al.. The Proceedings of the Fifth 
International Conference on Fluidized B ed Combustion (Washington, D.C., 
25 December 13-14, 1977), pgs. 776-794, disclose the regeneration of CaO from 
CaS04 from the ash formed in a coal-fired fluidized bed combustion process 
development unit. The development unit only generates one type of ash as its 
operation does not represent the operation of a typical fluidized bed combustion 
boil^ that generates bed ash and fly ash. Montagna, et al. also disclose a flow 
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sheet that shows a concept of a full scale fluidized bed combustion boiler using 
coal as the fuel. In this concept, it is indicated that the fly ash is disposed of 
without recycling it to the fluidized bed combustion boiler. In the same article, it 
also is shown that after a number of regeneration cycles the recovered CaO loses 
5 its suifiir sorbent capacity. In the regeneration process described in the article, the 
ash containing CaS04 is heated to about 1100°C. The heat is provided by the 
combustion of a fuel such as coal or natural gas. This combination yields a 
reducing gas containing carbon monoxide (CO) which reacts with CaS04 to form 
CaO, COj, SO2 and HjO. In another process, CaS04 is reacted with a reducing 
10 gas at about 870°C to form CaO. The CaO is then reacted with steam and carbon 
dioxide at about 560°C to produce CaCOj and HjS. 

Petroleum coke, which is obtained from the refining of crude oil, has properties 
similar to that of coal except that its ash content and moisture content, in general, 
are much lower, which results in a higher heat content. Petroleum coke, however, 

IS has a sulfur content that may range from about 1 % to about 7% . Typically, the 
amount of limestone (CaCO,) injected into the combustion zone of a petroleum 
colffi fired fluidized bed combustion boiler is considerably in excess of the 
stoichiometric quantity required to convert all of the SOj to CaS04, so that the ash 
generated during combustion contains CaS04, unreacted CaO, undecomposed 

20 CaCOs, and small quantities of vanadium, nickel, and other elements introduced 
into the combustor with the petroleum coke and limestone. 

In general, both the bed ash and the fly ash are removed from the petroleum coke 
fired fluidized bed combustion boiler, and are disposed of either as a landfill or as 
a source for making cement. The disposal of the ash streams as landfill will 
25 become increasingly limited as those ash streams are or will be classified as 

hazardous wastes due to the presence of vanadium and nickel in these streams, and 
to this extent, alternative processes are being actively investigated. It is in this 
context that the present applicants first proposed the recycling and regeneration of 
the ash component of circulating fluidized bed combustion to serve as a sorbent for 
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sulfur and to assist in the recovery of the metal by-products of this combustion. 
Prior to the present invention, the use of ash in either capacity was unknown. 

The role of ash in desulfiirization or other recovery processes is further considered 
below. More particularly, U.S. Patent No. 4,197,285 to Yang et al. discloses the 
5 removal of sulfur oxides by sorption with calcium oxide or lime, which is 
regenerated by heat treatment in contact with a source of carbonaceous matoial, 
after which it is recycled to the fluidized bed combustor to abstract fiirthn sulfur 
oxides. Yang et al. is reflective of the prior art, in that such processes, even with 
regeneration as disclosed, require a substantial input of exogenous lime for their 
10 continued operation. 

Some of the difficulties that attend the continuous desulfurization using reducing 
gas atmosphere and the like are reflected in U.S. Patent No. 4,686,090 to Howell 
et al. The patentees generally discuss the use of calcium oxide and its treatment in 
a regenoating system under reducing conditions and at temperatures of upwards of 
IS 1,000°F. The patentees comment that the efficiency of this process is low, and 
attendant problems exist in the disposal of the spent sorbent owing to its toxicity to 
air and ground water. 

U.S. Patent No. 4,710,365 to Gebhard et al., while directed to a dry process for 
desulfurization and thereby distinguishable from that of the present invention, 
20 discuss in general the value of recirculating a sorbent which may include fly ash. 
Gebhard et al., however, propose to mill or grind their sorbent before retiim to 
the flue gas (column 3, lines 6-10). 

U.S. Patent No. 4,782,772 to Chughtai et al. relates to the purification of the flue 
gas emitted by a grate firing steam generator. Chughtai et al. disclose the use of 
25 flue gas and particularly suggest its hydration, in combination with an additive 
such as calcium hydroxide or calcium carbonate and subsequent return to the 
combustion unit. It is not clear from Chughtai et al. as to what functions as the 
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sorbent, and clearly, there is no disclosure of the agglomeration or other increase 
in particle size of the sorbent to achieve the benefits of the present invention. 

U.S. Patent No. 4,867,955 to Johnson relates to desulfiirization of combustion 
gases by decalcination of a compound amenable to such treatment within the 
5 combustion chamber, and its processing with fly ash and subsequent return to the 
combustion chamber to serve as a sorbent. The primary aspect of Johnson appears 
to be in the use of the calcinable material and in its full calcination to effect 
desulfiirization. There is no disclosure of the use of fly ash or, more importantly, 
its regeneration and particle size accretion to limit the requirements of limestone 
10 and other exogenous materials. 

U.S. Patent No. 4,600,568 to Yoon et al. discloses the desulfiirization of flue gas 
by mixing with calcium hydroxide, and subsequently spraying the suspension with 
an aqueous solution of eitho: a deliquescent compound or strongly ionidng 
inorganic salt. The only disclosure with respect to Yoon that may have any 

IS bearing on the present invention is the regeneration and recycling of the soibent 
after its separation from flue gas. Likewise, U.S. Patent No. 4,604,269 to Yoon 
discloses the desulfiirization of flue gas by treatment with a finely divided soibent 
such as calcium or magnesium hydroxide and the activation of the sorbent by its 
slaking with water along with the add-in of makeup soibent such as quick lime, 

20 for regeneration during the operation of the process. There is no disclosure of the 
use of flue gas in the capacity as presently, as a sorbent, and in a process where it 
is increased in particle size and constantly recycled through the combustion unit. 

U.S. Patoit No. 4,609,536 to Yoon et al. is cumulative with the earlier disclosure 
to this inventor, as limestone is shown bdng calcined and utilized as a sorbent. 

25 Japanese Application No. 87-157609/23 to Onoda Cemoit KK discloses the 

prqraration of a desulfiirization agent for use in fluidized bed combustion heating, 
where limestone or dolomite, cement and water are mixed and recirculated. 
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Reference is made to fly ash cement, and to the use of fly ash or other like 
material as a seed material for the preparation of the desulfurizing agent or 
sorbent. There is no disclosure of the use of fly ash in the fashion contemplated 
herein. 

5 Japanese Application No. 89-360962/49 to Babcock-Hitachi KK similarly relates to 
a dry type flue gas desulfurization which uses fly ash containing high lime, where 
fly ash having this high lime is collected from the flue gas and thereafter where 
water is added to the fly ash and the fly ash thereafter mixed and hydrated. The 
particular method employed in this disclosure is distinguishable from the fluidized 
10 bed environment of the present invention, and there is moreover no disclosure of 
the spedflc recycling and agglomeration of fly ash in accordance with the present 
invention. 

During the prosecution of Applicants' parent application, certain patent referoices 
were dted. Specifically, U.S. Patent No. 4,256,703 to Dixit et al. was dted for 

15 its disclosure of the use of fly ash for the ncav&rf of dust particles in utility 
fiimace systems with electrostatic precipitators. Immediately, the environment of 
the present invention is clearly distinguishable from that of Dixit et al., inasmuch 
as the operation of fluidized bed boilers of the type contemplated herein is in sharp 
distinction to the electrostatic precipitator of utility furnaces. More to tiie point, 

20 tiiere is no disclosure in Dixit et al. of anytiiing more tiian the removable fly ash, 
and clearly no appreciation of tiie role that fly ash plays in tiie present invention, 
where it is utilized as a sorbent, and is recirculated and agglomerated to tiiis 
purpose. The essence of the Dixit et al. disclosure is the inclusion of an additive 
to combine witii fly ash particles to increase their size to render tiiem better 

25 responsive to electinstatic precipitation and otiier forms of mechanical sq)aration. 
Thoe is no disclosure tiierefore in Dixit et al. of tiie nature of tiie present 
invention, i.e., tiie circulation and recycling in a fluidized bed boiler of fly ash as 
a sulfur sorbent. 
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U.S. Patent No. 5,044,286 to Breen et al. directs itself to the recycling of fly ash 
in a wet bottom furnace. In like fashion to Dixit et al., Breen et al. are concerned 
with a different form of combustion unit and, moreover, have as their purpose the 
recycling of fly ash merely for the purpose of melting same so as to retrieve it as 
5 liquid slag. There is no appreciation of the use of fly ash as a soibent for sulfur 
or other similar effluents and that the increase in particle size is for the purpose of 
achieving greater activity and lifespan as a sorbent and concomitantly reducing the 
need for the inclusion and addition of exogenous sorbent materials. The Breen et 
al. disclosure is accordingly directed to the exclusive retrieval and disposal of fly 
10 ash and not to its use as a sorbing agent. 

Lastly, U.S. Patent No. 3,683,626 to Merrill is totally unrelated to the present 
invention, as it seeks to purify the exhaust from internal combustion engines. This 
effluent and its source are in sharp distinction to the atmosphere and operation of a 
fluidized bed combustion boiler. Merrill proposes to condense certain of the 
IS particulate effluent by use of water vapor and to reintroduce the condensate into 
the engine for better and more efficient combustion. It is not the intention of 
Merrill to create and perpetuate the successful use of fly ash or like effluent as a 
sorbent. Merrill is significantly fai removed from the present invention, and any 
teachings however tangential cannot be applicable hoeagainst. 

20 A need therefore exists for the development of a more efficient, economical and 
environmentally acceptable method for the recovray, and reuse and disposal of the 
by-products of power plant combustion. 

SUMMARY OF THE INVENTION 

In accordance with an aspect of the present invention, there is provided a process 
25 for the recovery of the by-products of the operation of a circulating fluidized bed 
combustion boiler, including sulfur dioxide and metals such as vanadium and 
nickel. The process comprises removing fly ash containing CaO and CaCOs from 
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the circulating fluidized bed combustion boiler, increasing the particle size of the 
fly ash, and then returning the increased particulate ash to the circulating fluidized 
bed combustion boiler to serve as a soibent. 



In one embodiment, the circulating fluidized bed combustion boiler is a petroleum 
5 coke fired circulating fluidized bed combustion boiler. In another embodiment, 
the circulating fluidized bed combustion boiler is a coal fired circulating fluidized 
bed combustion boiler. 

As mentioned, the particle size of tiie fly ash may be increased by agglomerating 
or pelletizing the fly ash. Specifically, tiie particle size of tiie fly ash may be 
10 increased by admixing the fly ash with a binder component, followed by 

agglomeration or pelletization. A particularly suitable binder component is water. 

Accordingly, it is a principal object of the present invention to provide a method 
for the efficient and economical desulfurization of the effluent of certain 
petroleum-product fired fluidized bed boilers and the like, by the recycling of fly 
15 ash and regeneration of bed ash as a sulfur sorbent. 

It is a further object of the present invention to provide a method as aforesaid that 
serves as a method for the recovery of sulfur dioxide. 



It is a further object of the present invention to reduce the amount of fresh 
limestone required for controlling sulfiu* emissions, and to reduce the amount of 
20 ash sti^ams that must be disposed of from the boiler. 

Other objects and advantages will become apparent to those skilled in the art from 
a consideration of the ensuing detailed description which proceeds witii reference 
to tiie following illustrative drawing. 



7/17/2008, EAST Version: 2.2.1.0 



wo 94/21965 



PCT/US94/02762 



8 

BRIEF DESCRIPTION OF THE DRAWING 

FIGURE 1 comprises a flow diagram illustrating a scheme for the recirculation 
and regeneration of fly ash as a sorbent in a petroleum coke fired fluidized boiler, 
in accordance with an embodiment of the present invention. 

5 FIGURE 2 is a graph demonstrating the advantage in the use of the soibent of the 
present invention over the use of limestone. 

DFTAn.ED DRSCRIPTION 

Accordingly, in a first aspect of the present invention, a method is disclosed for 
the recovery of sulfur dioxide from the effluent of a circulating fluidized bed 
10 (CFB) combustion unit such as a boiler, by die recycling of the ash component to 
regenerate same to serve as a sorbent. 

More particularly, the fly ash component is subjected to particle size accretion 
such as by agglomeration or pelletization, and is then reintroduced to the 
combustion environment. The bed ash component is forwarded to a regeneration 
IS unit where it is treated to separate the ash into a solid component containing CaO 
and a gaseous component containing 802. 

As discussed above, the method of the present invention in its primary aspect 
comprises the regeneration and recycling of fly ash and bed ash to serve as a 
sorbent for sulfur, and in a further embodiment, to participate in tiie recovery of 
20 metals such as vanadium and nickel, that accumulate in the combustion process in 
botii coal and petroleum coke-fired fluidized bed boilers. The present method is 
further advantageous in that its reliance on the byproducts of combustion for 
sorption and recovery significantiy reduces and, in some instances, may eliminate 
the need for the consumption of exogenous sorbent matmal such as limestone. 



7/17/2008, EAST Version: 2.2.1.0 



wo 94/21965 



PCT/US94/02762 



9 

The environmental advantages conferred by this process are therefore made 
apparent. 

A further surprising aspect of the present invention is the improvement in the 
p^ormance of the pellets as sorbents. As discussed in greater detail later on 
5 herein, the greater size of the present fly ash particles would lead the artisan to 
expect that such a particle would exhibit reduced effectiveness as a sorbent, owing 
to experience with limestone. While not wishing to be bound to a particular 
theory of operation, it is proposed that the particles of the present invention are 
porous and thereby present an enhanced surface area which contributes to tiieir 
10 improved activity. The structure and activity of tiie fly ash particles of the present 
invention is submitted to be a significant characterizing featiire thereof. 

Refming now to Figure 1, a general scheme is shown wherein a fluidized bed 
boiler represented schematically at 10, is charged witii a combustible material such 
as coke, and in traditional fashion, also is charged with limestone and air. As 

15 mentioned earlier, the limestone contiibutes to the sorption of the sulfiir that 
represents one of the byproducts of combustion. In tiie instance where petroleum 
coke is combusted, tiie low ash content and high combustible and high sulfur 
content, while contributing to its value as a fiiel, is a detractor when the recovery 
of combustion byproducts is attempted. For this reason, and as shown 

20 schematically in Figure 1, limestone is charged to serve as a sorbent for SQ^. 

While tiie discussion is proceeding and illustrates tiie use of petroleum coke as tiie 
fuel, it is to be understood tiiat otiier petroleum-based fuels or coal, may likewise 
be used. As explained earlier, fluidized bed combustion units carry with them 
certain specific characteristics, among them the generation of two forms of ash, 
25 namely fly ash and bed ash. The object of tiie present invention is to achieve flie 
recycling, recirculation and utility of each of these fractions to assist in pollution 
abatement and elemental recovery. 
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If both fractions exit the boiler, the upper fly ash fraction is first directed to a 
region as indicated at 14, where flue gas may be drawn off, and the remainder of 
the fines may then be passed through a cyclone for further separation, and then 
may be directed to a baghouse and from there to the pelletizer labeled 16. The 
5 exact nature of particle size increase may vary, as both pelletization and 
agglomeration are contemplated. For example, the fly ash may be mixed with 
water in two types of mixers and, for example, charged to a pin mixo: to form the 
ultimate pelletized material. Naturally, other forms of agglomeration are 
contemplated, and the invention is not limited to a specific procedure or means. 

10 The method of the present invention comprises in one of its aspects, the 

achievement of particle size increase by the use of a material identified herein as a 
binder. For purposes of the present invention, and in accordance with a preferred 
embodiment thereof, the binder may comprise a fine spray of water which is used 
for the purpose of achieving a surface wetting of the particles to facilitate their 

15 accretion and agglomeration. Naturally, the invention is not linuted to the use of 
water in tiiis C2q)adty. 

After tiie increased size particles have been formed in tiie pelletizer 16, tiiey are 
charged back into tiie fluidized bed boiler 10 for use as a sorbent. It is also 
noteworthy at this juncture tiiat tiie bed ash that comprises tiie calcium sulfate 

20 (CaSOJ at tfie bottom of tiie fluidized bed is likewise circulated to a regenerator 
unit 12 where heat ti-eatment in accordance witii tiie present process is conducted 
to remove sulfur dioxide (SOj). As illustrated herein in a particular embodiment, 
the material may be treated in a reducing atmosphere and at temperatures ranging 
from about lOOCC to about IISCC, witii a temperature range of from 1050°C to 

25 about usee bdng preferred. Thus, the regenerated calcium oxide-bed ash 
particles may be returned to the fluidized bed boiler in much the same fashion as 
the pelletized fly ash, to participate in similar fashion, as a sorbent, as well as in 
the combustion process. 
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While the foregoing explanation and illustration are strictly schematic and general 
in nature, they outline certain of the salient aspects of the invention, namely the 
ability to draw upon endogenous material from the combustion process to achieve 
pollution abatement without the need for substantial input of exogenous sorbent 
5 material. The advantage of this method is dear, in that an efficient utilization of 
materials is achieved together with reduced environmental impact, from the 
standpoint of the reduction in the toxicity of the emissions and the quantity of solid 
effluent, and the recovery of certain elemental materials such as the metals 
contained within the ash component. 

10 In tills latter connection, tiie continued recirculation of tiie ash component in its 
capacity as sorbent has been found to ultimately develop sufficient metal content 
so as to facilitate tiie processing of the material by otiier means known in the art, 
to recover the metals tiierefrom as discussed herein. The specific metals tiiat are 
capable of recovery in accordance witii the present invention are vanadium and 

15 nickel, and tiie invention in this connection is predicated upon tiie continuous 
performance of the witiiin metiiod until tiie ash component contains tiie threshold 
percentage of metal. Periodic monitoring of the composition of the ash component 
is conducted to identify the stage at which the ash component contains die requisite 
minimum amount of metal to merit separation of the latter for recovery. 

20 A typical sieve analysis of the fly ash from the circulating fiuidized bed 
combustion boiler is as follows: 



230 18.3 

325 29.2 

25 400 44.7 

>400 7.9 



In one embodiment, tiie admixture of the fly ash and water is done consecutively 
in two separate types of equipment. The fly ash first is mixed witii water in a 
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conditioner, and then in a pin mixer. In one specific embodiment, 600 pounds of 
fly ash with a sieve analysis similar to that hereinabove described is mixed with 
180 pounds of water in a conditioner at room temperature and atmospheric 
pressure and rotated for a few minutes at 300 rpm. The mixture is then charged 
5 to a pin mixer, in which the mixture may be processed at 750 rpm for a few 
minutes at room temperature and atmospheric pressure. The result of the above- 
moitioned mixing steps is the production of pellets having a size distribution with 



the following sieve analysis: 
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As discussed above, it has been found that, by removing the fly ash from the 
combustion boiler and increasing the particle size, the fly ash may be successfully 
reused as a sulfur sorbent. The recycled CaO and CaCOj will combine with the 
SO2 formed in the combustion zone in the boiler, thereby decreasing the amount of 
25 fresh limestone required for controlling sulfur emissions while decreasing the 
amount of ash to be disposed of as landfill. 

In accordance with another aspect of the present invention, there is provided a 
process for the regenaation of CaO fix)m bed ash containing CaS04 in a petroleum 
coke fired circulating fluidized bed combustion boiler. The process comprises 
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removing bed ash containing CaS04 from the circulating fluidized bed combustion 
boiler, and passing the bed ash to a regeneration zone. The bed ash is heated 
under fluidized bed conditions in the regeneration zone to a temperature of from 
about IjOOO^C to about 1,150°C, thereby forming a solid phase which includes 
S CaO and gas phase which includes SOj. The solid phase is then returned to the 
petroleum coke fired fluidized bed combustion boiln. 

Prefoabiy, the bed ash is heated in the regeneration zone to a temperature of from 
about IjOSO'C to about 1,150°C, and, in a preferred embodiment, the heat 
supplied to the regeneration zone may be generated through the combustion of 
10 coke or natural gas under reducing conditions, whereby the resulting gas stream 
composed of CO, COj, Hj, and N2 causes the CaS04 contained in the bed ash to 
decompose into a solid phase containing CaO and a gas phase containing SOj. 

The recycle and/or regeneration of CaO and/or CaCOj from bed ash or fly ash, in 
addition to the advantages hereinabove described, enables one to concentrate and 

IS recover metals from the ash streams of the boiler, as opposed to disposing of these 
metals in a landfill. Accordingly, a further aspect of the present invention relates 
to the recovery of metals such as vanadium and nickel by the recycling and 
regeneration of tiie ash component of the combustion of a circulating fluidized bed 
boiler or the like, performed on a continuous basis with the monitoring of the 

20 metal content of tiie sorbent to determine when a tiireshold metal content is 

reached, whereupon tiie sorbent is subjected to chemical treatment to recover tiie 
metal compounds. 

Specifically, after several cycles of regen^tion, the metal content of the bed ash 
will increase in direct proportion to tiie number of regeneration cycles. When the 
25 metal content reaches the desired threshold value, a constant purge stijeam will be 
discharged from tiie bed ash sti«am tiiat is recycled to tiie regeneration step. This 
purge stisam, consisting of CaO, CaS04, and compounds of vanadium and nickel, 
will be treated in a series of chemical operations tiiat will separate tiie vanadium 
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and the nickel from this waste stream, resulting in a gypsum product that is free of 
toxic compounds. The chemical operations begin by mixing the waste stream with 
water and sulfuric acid in a leaching vessel where the metals are dissolved in 
sulfuric acid. This step is followed by a liquid-solid separation step where the 
5 calcium sulfate is removed from the liquid and becomes available as a non- 
hazardous by-product for the manufacture of cement or wallboard, or can be 
recycled to the regenerator to be reused as a sulfur sorbent in the boiler. 

The liquid containing the metals is mixed with sodium hydroxide (NaOH) causing 
the vanadium to precipitate. This step is followed by a second liquid solid 
10 separation and the removal of the vanadium compound for sale or fiirther 
treatment. 

The liquid from this second liquid-solid separation is mixed with sodium hydroxide 
(NaOH) and sodium caibonate (NajCOj) causing the precipitation of nickel. This 
step is followed by a third liquid separation step and the removal of nickel 
IS compounds for sale or for further treatment. The residual liquid is recycled for 
mixing with the incoming purge stream removed from the bed ash and flowing to 
regeneration. 

The invention will now be described with respect to the following examples; 
however, the scope of the present invention is not intended to be limited therd}y. 

20 EXAMPLE 1 

Petroleum coke, at the rate of 14460 Ib/hr, is charged to a circulating fluidized 
bed boiler. The coke has a sulfur content of 2.78 wt%, and has 565 ppm of 
vanadium and 419 ppm of nickel. The boiler is operated with a CaO/S molar 
ratio of 2.69 and requiring a CaO feed of 1892 Ib/hr. Without the process of the 
25 invration this operation requires a constant fresh limestone feed of 3841 Ib/hr. 
The limestone contains 49.26% of CaO or 88% of CaCOj. The boiler produces 
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1651 Ib/hr or bed ash and 1797 Ib/hr of fly ash. In a typical operation, the bed 
ash will contain 60% of CaS04, 33% of CaO and smaller percentages of AljOj, 
SiOz, FcaOa, Ni and V. The metals are introduced with the petroleum coke while 
the alumina and silica are part of the limestone. 

5 The bed ash is transported to the regenerator where it is contacted with a reducing 
gas composed of CO, H,, COj, and N}. The reducing gas is formed from the 
combustion of petroleum coke and air. The heat of combustion of petroleum coke 
increases the temperature in the regenerator to a range of lOOO'C to 1150°C. 

The regenerator is operated within a fluidized bed mode formed from the bed ash, 
10 During the operation CO reacts with CaS04 to form a CaO, SOj and COj. The 
gas stream leaving at the top of the regenerator contains from 6.5% to 11% of SQ2 
and is available as a raw material for the production of sulfuric add. 

The solid material is composed of CaO and small percentages of the inorganic 
compounds present in the bed ash. This solid stream is recycled to the circulating 

15 fluidized bed combustion boiler and the CaO is charged into the combustion zone 
to repeat the process of sulfur sorption. A large percentage of the CaO is 
converted to CaS04. After sevwal cycles of regeneration and sulfation the 
concentration of the metals in the ash increases. In this example, after 15 cycles 
of regeneration the vanadium and nickel content in the bed ash reaches a value of 

20 2.97 and 1.8%, respectively. At this time a purge stream is removed from the 
bed ash as it is transported to the regenerator. The purge stream contains 167 
Ib/hr of CaO which is replaced by fresh limestone charged to the combustion zone 
of the circulating fluidized bed combustion boiler. As the limestone contains 49% 
of CaO, the total charge of make up limestone is 397 Ib/hr. 

25 The purge stream is discharged continuously from the system at a rate such that 
8.2 Ib/hr of vanadium and 6. 1 Ib/hr of nickel are removed from the system. The 
purge stream is first treated with sulfuric acid according to the equation: 
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H2S04+CaO -» CaS04+H20. 

In order to insure that all of the CaO is converted into CaS04, an excess of 
sulfuric acid is used. After completing the acidulation of CaO, the formed CaS04 
is removed and returned to the regenerator or disposed of as a gypsum by-product. 

5 The liquid from the sulfation step is reacted with sodium hydroxide, thereby 
causing the precipitation of vanadium compound, which is removed from the 
system and is available for further metallurgical refinement. 

Most of the remaining liquid stream is recycled to the leaching step and small 
purge stream is discharged from the purge stream treatment operation. 

10 The 1797 Ib/hr of fly ash, containing about 34% of CaSO*, 21 % of CaO and 3096 
of CaCQs is removed from the flue gas of the boiler after passing through a 
baghouse, where essentially all of the solid maOa is collected from the flue gas. 
The collected fly ash is mixed with 540 Ib/hr of water in a conditioner where it is 
rotated at 300 rpm for several minutes and then charged into a pin mixer where 

IS the mixture is processed at 740 rpm for several minutes. During this two step 
operation the fly ash particle size distribution is changed from a screen analysis of 
230 mesh to 400 mesh to a particle size distribution with a screen analysis of 6 to 
200 mesh. The larger particle size fly ash is now returned to the combustion zone 
of the circulating fluidized bed combustion boiler. 

20 The increase in particle size of the fly ash in the conditioner and the pin mixer is 
accomplished at room temp^ture and atmospheric pressure. 

The combination of the regeneration of CaO from the bed ash and the recycling of 
the fly ash after agglomeration and an increase in the particle size distribution of 
the fly ash results in reducing the amount of fresh limestone that must be added 
25 from 3841 Ib/hr to 397 Ib/hr. 



7/17/2008, EAST Version: 2.2.1.0 



wo 94/21965 



PCT/US94/02762 



^ 17 

EXAMPl^E ? 

The use of fly ash pellets as a sorbent supplement has the potential to significantly 
reduce limestone lequiiements. Figure 2 shows the limestone and pellet feed rates 
required to achieve 90% sulfur retention during Test 1 (limestone) and Test 3 
5 (pellets of the invention), respectively, as well as the total sorbent feed rate 
required for a combination of limestone and pellets. Because of the high calcium 
utilization for the pellets (73% compared to 37% for the limestone), the feed rate 
required for 90% sulfur retention was lower for the pellets than for the limestone. 
The calcium-to-sulfur ratio for the limestone (Test 1) was about 2.9, compared to 
10 about 1.2 for the pellets (Test 3). 

Based on the results shown in Figure 2, a 20% reduction in limestone feed rate 
would require a pellet feed rate of approximately 0.041 pounds per pound of fiiel. 
Current testing produced about 0.029 pounds of baghouse ash per pound of fuel, 
oiough to produce about 0.041 pounds of fly ash pellets per pound of fuel. A 
IS system with a higher ratio of fly ash to total ash would provide a higher pellet 
feed rate, resulting in greator limestone reduction. The data demonstrate the 
feasibility and advantages of the present invention over convoitional sorbent 
materials. 

20 Experience with limestone as a soibent would indicate that the particle size of the 
pellets is very important, and that poor performance in terms of sulfur capture 
would be expected from the large pellets used for diese tests. One significant 
difference between the pellets and limestone makes die pellets such an attractive 
sorbent, even when large particles are used: The pellets are made up of fly ash, 

25 and therefore contain very fine calcium oxide particles (<30 micnms). The 
chemical and physical changes that occur when the fly ash is made into pellets 
results in a large pellet that is very porous. Therefore, the sulfur dioxide can 
easily penetrate into the interior of tiie pellet and get good contact witii the fine 
calcium oxide particles. Because the calcium oxide particles are very small, good 
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utilization of the available calcium oxide is achieved. The pellets therefore have 
the double advantage of being composed of very fine particles, thus getting the 
excellent sulfur capture attributed to fine soibents, while at the same time being 
themselves relatively large, thus having a long residence time in the system. 
5 These two advantages as compared to limestone make the pellets an excellent 
sorbent and explain the good performance noted during these tests. 

It is to be understood, however, that the scope of the present invention is not to be 
limited to the specific embodiments described above. The invention may be 
practiced other than as particularly described and still be within the scope of the 
10 accompanying claims. 
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WHAT IS CLAIMED ?S; 

1 1. A process for the recovery of the sulfur component from the effluent of a 

2 circulating fluidized bed combustion boiler, comprising: 

3 A. removing fly ash from a circulating fluidized bed combustion boiler; 

4 B. increasing the particle size of said fly ash; 

5 C. returning said fly ash to said circulating fluidized bed combustion 

6 bdler to serve as a soibent for said sulfur component; and 

7 D. recovering the fly ash of Step C. firom said boiler and separating 

8 said sulfur component therefh>m. 

1 2. The process of Claim 1 wherein said circulating fluidized bed combustion 

2 boilo^ is a petroleum coke fired circulating fluidized bed combustion boiln. 

1 3. The process of Claim 1 wherein said circulating fluidized bed combustion 

2 boiler is a coal fired circulating fluidized bed combustion boilo-. 

1 4. The process of Claim 1 wherein said increasing of the particle size of said 

2 fly ash comprises adnuxing said fly ash with a binder component. 

1 5. The process of Claim 4 wherein said binder component comprises water. 

1 6. The process of Claim 1 wherein said increasing of the particle size of said 

2 fly ash coniprises agglomerating the particles of said fly ash. 

1 7. A process for the regeneration of CaO from bed ash containing CaS04 in a 

2 petroleum cols fired circulating flmdized bed combustion boiler, comprising: 

3 A. removing said bed ash from said fluidized bed combustion boiler; 

4 B. passing said bed ash to a regeneration zone; 

5 C. heating said bed ash under fluidized bed conditions in said 

6 regoieration zone to a temperature of from about IjOOO'C to about 
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7 1,150°C, thereby forming a solid phase which includes CaO, and a gas 

8 phase which includes SOj*, and 

9 D. retuniing said solid phase to said fluidized bed combustion boiler. 

1 8. A piocess for the recovery of metals from a fluidized bed combustion 

2 boiler having bed ash as a combustion by-product, comprising: 

3 A. removing said bed ash from said fluidized bed combustion boiler; 

4 B. passing said bed ash to a regeneration zone; 

5 C. heating said bed ash under reducing conditions in said regeneration 

6 zone to form a solid phase which includes CaO, and a gas phase which 

7 includes SOj; 

8 D. returning said solid phase to said fluidized bed combustion boiler; 

9 E. repeating Steps A-E to increase the metal content of said bed ash; 

10 and 

11 F. ti^ating tiie bed ash of Step E to recover said metals therefrom. 

1 9. The method of Claim 7 wherein said metals are selected from the group 

2 consisting of vanadium and nickel. 

1 10 . The method of Claim 7 wherein said bed ash is heated to a temperature of 



2 from about 1,000'C to about 1,150'C. 
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